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PROTEIN-CONTAINING HYDROGELS Cubic phases made of glyceiyl monooleate are able to 

immobilize enzymes by non-covalent linkages, as reported 

TTie healing of therapy-resistant wounds has sinc^jime^ ^ 96^9125. In this case, the enzymatic activity is 
munemonal been a great challenge to medicme and saencc. * • j j, . • i^-i- • ^ • • j 

Present-day specifiStions for ^e function of interactive 5 "^^^ ^ ^ munobihzauon and is even mcreased 

dressings for chronic wounds derive fiom Winter (1962, over a lengthy period by con^iarison with dissolved enzyme. . 

Nature 193, 293) and have recently been reformulated by 1^ should furthermore be emphasized that the barrier func- 

Ttaier (1994, Wound Rep. Reg. 2, 202). The en^)hasis in tion of the gel matrix suppresses the proteolytic degradation 

this connection is on the creation:of a moist wound healing of the immobilized enzymes occurring in the wound fluid 
enviromnent which, in contrast \to^^^^^^ dry wound Hydrogels of particular interest are those in which a 

processeTof wound healing. P^^* ^o. 5,733,563 and m 1994 by Fortier (1994.. 

The principle of moist wound healing can at present be . BiotechnoLTechrt, 8, 71). These hydrogels arc formed by 

regarded as the state of the art in the ther^y of wounds copolymerization of a polyethylene glycol which has been 
wMch are healing with difficulty or not at a^^ 15 activated by 4-nitrophenyl chloroformate and of bovine 

must absorb most of the exudate but;- iSiie s%Le time, leave scrum albumin in borate buffer. In this case, the activated 

on the wound itself a liquid film in which the actual moist „o« cu nu ^ rw\u 

ju 1- * 1 1 ¥x_' ' J J -^1. 1. 1 group may react with an ammo, SH — , OH — or (XiOH 

wound healmg takes place. Ehy wounds and those with httle • 1 • » » 

exudation must be provided with adojuate moisture to ^ ^ proteia 

achieve rehydration of the dehydrated tissue. In the moist 20 EHsadvantages of the bioartificial hydrogels known in the 

wounds which have been established in this way there is state of the art arc the long gel tiines of from 20 up to 270 

then proliferation of riew blood jyessel^ and re^ minutes, the formation of cleavage products in the form of 

growth, with a suitable pH beiiig si^ up. T^iese : p-nitrophenols in die hydrogel matrix and the impossibility 

are met by sponge-like struc^es -sucH as; fOT ex^ of crosslinking oligomeric proteins such as, for example 

hytogelswWch have an excess in the fom^^^ 25 dimeric SOD or tetrameric catalase stably With the polyeth- 

nt^^'^^f T^'^^^^^i^ yie^ gly«^l which has been activated with 4-nitr^henyl 

ent monomers formmg m a dispersant a three-dimensional hi f t 

network structure into whose interstices the dispersant, ^ protormate. 

normally water, can infiltrate.. A; hydrogel vsKould have^ /^V: M object of the mvention to make water-insoluble, 

certain oxygen permeability antf a&ume;. a bam^^^^ hydrogels which have shqrt gel times, can 

towards microbes possibly penetrating ih fi^ for medical purposes and are . particularly 

ment Fundamental requirements for a hydrogel are also a suitable for promoting the healing of chronic wounds, 

simple production process and a certain storage stability. This object is achieved by a hydrogel which comprises at 

The use and the variety of possible uses of hydrogels in least one protein and/or enzyme and PEGs, the proteins 

wound treatment, and dieir composition and production are and/or enzymes being connected to the PEGs via urea 

sufficiendy well documented (Peppas in: Hydrogels : m ^5 

Medicine, and Pharmacy, 1986i CRC; Press, Voiume. II' tJv/w^ ^ f^uuA 1 *u • * j^i- 

Chapter 4). Hydrogels are preferably biriplo^ for treats . ^le Production of die hydrogel there is use of addi- 

dry necrotic wounds such as. for example, bums and chronic ^"'^^ substances which mteract widi die oxygen species 

venous ulcers (Thomas, in: Wound Management and (ROS) present m wound flmds of chrome wounds, that is to 

Dressings, 1990. The Pharmaceutical Press. London, p. 50). 40 ^idi factors which impede the wound healing process. 

They are made of insoluble polymeric m^erials able to . additional substances being covalendy polymerized 
swell in aqueous media. They should fiirth^m^ hay^ a into the hydrogel: The invention describes the novel pro- 
high water content, be inert to biological processes, pcrine^ = duction of protein-containing hydrogels with which it is 
able for cellular metabolites and, iri particular, not induce . possible to render ROS in the wound fliiid of chronic 
any irritation on contact with living tissue. 45 wounds harmless. It describes the production of 

A bioartificial or semisynthetic hydrogel can be synthe- collagenase-containing and trypsin-containing hydrogels for 

sized by covalendy linking the hydrophilic synthetic mono- treating necrotic deposits covering wounds, and the produc- 

nier to the surface of a protein. whOTupon there is fqrn^ tion of lysozyme-containing hydrogels which can be 

of a diree-dimensional polynier-prttein niattw erhplpyeS for controlling bacteria which have infected 

dispersant. This class of hydrogels ^made from syndietic 50 wounds. The: feasibility of incorporating biologically active 

polymers and biopolymers have recentiy become die.subject substances such as, for example, antibiotics, growdi factors 

of^re^O^^^ novc biomaterials are referred to as ^ ^^^^ ingredients into die hydrogels is also 

bioartificial hydrogels (GiusU et al.. 1993, Trends m Poly- described 

meric Science, 9, 261). * • 1 r .i_ r • 

U.S. Pat No. 5,804.213 reports on the production of a 55 J^^^ Present myenuon makes use of 

biologically active, water-containing gel as wound dr^sing. P^^f a,a>-dnsocyanmo-iK)lyethylene glycols widi pro- 

In diis case, a dry. hydrocoUoidal polymer is mixed widi ^ protem-contaimng hydrogel in an aqueous 

water and a biologically active substance. medium. In diis case, die crosslinking reaction of die iso- 

The use of dehydrated. crossHnked collagen materials as ^^^^^ ^"'"Ps of the protein is a reaction 

drug delivery system is described in WO 98/22153. In WO 60 ^^'^^ preferred owing to die higher nucleophiHcity by 

96/31551, proteins or peptides in die dry state are mixed as comparison widi hydrolysis of die isocyanate to die amine 

active agents with polyurethane-crosslinked microgels. Ilie formation of carbon dioxide. The reaction represents 

microgels swell in an aqueous medium to give hydrogels one possibility for the diree-dimensional crosslinking of 

and release the protein or peptide again from the hydrogel polyethylene glycol and proteins without the occurrence of 

matrix. Moreover U.S. Pat No. 5,000,955 describes poly- 65 cleavage products resulting from the activated group. It is 

urcthane hydrogels for cosmetic, biological and medical furthermore possible to form stable hydrogels with oligo- 

applications. meric proteins such as, for example. SOD and catalase. 



lis 6,773,703 Bl 

3 4 

Polyethylene, glycols (PEGs) belong to the class of -continued 

polyalkylene glycols which are polyethers of the graeral .... (3) 

formula, (Rompp Lexikon Chemie — ^Version 1.3, Stiittgart/ ^ 

New York: G^ Thieme Verlag 1997): A B— A 

*•-■'■ ■• . 5 . J _ • . , 

Polyethylene glycols (PEGS) are produced industrially by \ « ^ 

base-catalysed polyaddition of ethylene oxide (oxirane) in ^ symbohzes a hydrophihc region in the particular 

systems which usually contain smaU amounts of wato" with lo ^^slinker molecule, and Axeprcsents an isocyanate group, 

.ethylene glycol as starter molecule. TTiey. have molecular ^^^^ ^ chemical nature within one mol- 

wdghts in the range of about 200^^5 . . 

sponding to degrees of iwlymerizktion n of about 5 to >100 Likewise within the scope of the invention submitted 

000. In the wider sense, products with tt=2-4 (di-, tri- and herewith are istructural schemes as follows: . ^ . 

tfibaethylene glycol) ^ also included in the PEGs; the is 

be produced mol. uniformly, whereas the PEGs ^ ^ ^ ^ ^ . (9) 

molecular weights are polymol. that is to say consist of (lO) 

populations of macromoleiniles with differeilt molecular A — — z — a— A ' ■ . 

weights. : . . I 

" liquid products with nioleciilar weights '-<^^ OOO 20 . | 

g/mol are refenped to as proper i»lyethylene gty A 

the soUd ones oif higher molectdar weig^ (ii) 

aboirt 65° C.) Wrefentid to as polyethylene oxides. Poly^ | 

ethylene oxides havie an extremely low concentration of b 

reactive hydrbxyr end groups and show only weak glycol 25 | . 

properties. a — B — z — B— A 

Branched polyadducts of ethylene glycol and polyhydric b 

alcohols are also referred to as PEG. ; v | 

PEG are Uquid or waxy to soUd pfn)dtuits wM^^ ^ . 

readily soluble in water up to about 100** C. and many a 

organic solvents. Aqueous solutions have noticeable rheo- | 

logical properties;, thus, some solutions show pronounced ^^b f B^^ 

viscoelasticity.. Even tiny amounts of PEG cause the ^z^ 

so-called Toms effect (a reduction in frictional resistance) in / \ 

flowing water. PEG jwoducts arc very stable to hydrolysis \ 

but sensitive to oxidation at elevated temperatures. Their a A 

chemical reactivity is determined by the terminal hydroxyl (13) 

groups, which are easily esterified (to give polyethylene ^ 

glycol esters) or etherified (to give polyalkylene glycol aba 

ethers) or can be reacted with isocyanates to give urethanes. ^ ^b^J^ b^ 

PEG are categorized as toxicologically acceptable. Tlieir s^f^B 

biodegradability is very dependent on the molecular weight; a'^ b ^a 

products with low molecular weights, for example 40(K) | 

g/mol, arc up to 80% degraded . a 

PEGs are usied inter alia as solubilizers, binders, 

thickeners, emulsifiers, dispersants, protective colloids, where Z in this case represents a central unit which may be 

plasticizers or release agents for a wide variety of ^plica- hydrophiilic or hydrophobic and usually comprises an oligo- 

tions; as binders for ceramic compositions, sizes, or polyfunctional molecular residue, 

flocculants, adhesive components, to reduce die resistance to 50 Linker substances witii a higher degree of branching of 

flow of aiqueous Uquids (drag reduction), as intermediates course also faU within die scope of the present -invention, 

for polymer syntheses, for example on a large scale- for p^r example, Z in the scheme (10) may comprise a 

producmg polyuretiianes; high molecular weight PEGs as j j ^^al whose three OH functionalities pass over 

starch subsutute and for producing films and sheets. ^^^^ g ^g^^ns which in turn may represent, for example. 

Hie PEG employed advantageously has a molecular 55 polyoxyethylene chains of equal or unequal length, and 

weight of from 8,000 to 18,000 g/mol. in particular 10.000 whose terminal OH group is esterified with a long chain fatty 

to 15, OCX) g/mol. acid. Partial substitution on the glycerol is also conceivable 

It is also possible according to the invention to employ and may result in structures corresponding to scheme (9). 

modified PEGs, which may have the foUowiiig structural Possible examples of more specific structural schemes for 

schemes: 60 g^yctural scheme (1) are as follows: 



(2) „ 

A B — A ^1 

I 65 

A 



-fO — CH— CH2-V-O— R2 

I u T 
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-continued - -<iontinued .\ :. 

Ri— O-/CH2— CH— CH2— 0Y-R2 R2— O— CHj CHb— 6— R4 

Hc-^p-ecH2— GH2— 0-h-cH; : 



\ OH I 
H-/0 — CH— .CH2Y0-eCH2— CH2— O^CH— CH2— OVh 



Ri— O — CH2 CH2— O— R3, 



f 



where Ri. Rz, R3 and R4 may n^rresent, independently of 
one another, isocyanate groups or branched or unbranched; 

Inhere Rji R2, R3, R4, R5 and R^ reprc^nt, independently of 10 saturated or unsaturated, cyclic or' chain-like' aliphatic, aro- 

one anothbr, isbcyanate groups or branched or unbranched, matic or hcteroaromatic radicals, for example: braidched or 

saturated or. unsaturated, cyclic or chain-like aliphatic, aro- unbranched or cyclic alkyl or alkanoyl radicals, or aryl or 

matic or heterbafpinatic radicals/ for example branched or arbyl radicals which are linsubstituted of substituted by alkyl 

unbranched or cyclic alkyl or alkanoyl radicals, or aryl or or aryl substituCTts, or else alkylated or arylated ofganylsilyl 

aroyl radicals which are unsubstituted or substituted by alkyl 15 radicals, but where at least one of these radi(^ reiw^ 

or aryl substituents, or else alkylated or arylated organylsilyl ^ isocyahate groiip. In this case, x, y and z denote, 

radicals, but where at least one of these radicals represents indepeiidentiy of one another, numbers which permit the 

anisocyanate group. In this connection, x, y and z denote, complete mbleaiie to be soluble or at least dispersible in 
mdependently of one anotto numbers which allow the ^^osen ftom the range above 10, advanta- 

completemdeculetob^^^ 

water, typically selected from the range above 10, advanta- = . : : 

gepusly from the range from 20 to 10^, a and b are numbers ^ of course, true in this.case that partial substi- 

which are selected depending on x so that the linker sub- ^^on is concdyable, in which case one or more of the 

stance has an at least adequate stability in water or dispers- indices u, v, w, x rn^y assume the value zero, and one or 

ibility in water. It is possible in individual cases, for example 25 more of the radicals Ri, . R2. R3 or R4 may . rcpreseint 

when the: thickener is chosen from the group of derivatized hydrogen atoms. In this case, these substances naturally pass 

polysaccharides, for x to assume where appropriate consid- over into, oAer structural schemes, 
erably higher values than, for example, 300, even several Possible examples of more specific structural schemes for 

millions. This is known per se to the skilled person and structural scheme (9) are as follows: 
requires no further explanation. 30 

Possible examples of more specific structural schemes for Ri-(-o— GH2t-CH2->7-o CH2— o— R3 

structurzil scheme (2) are as follows: v / 

CH2— 0-eCH2— CH2— O-h-Ri R2— eO— CH2 — CHj-h-O 
I 35 
CH — 0-t-CH2— CH2— 0->^R2 

CH2— 0-tCH2— CH2— 0-)^R3 

where R^, R2 and R3 may represent, independently of one . 
another, isocyanate groups or branched or unteanched, , . 

unsaturated or saturated, cyclic or chain-Uke aliphatic, aro- where Rj, R^, R3 and R4 may represent, independently of 

matic or heteroaromatic radicals, for example branched or one another, isocyanate groups or branched or unbranched, 

unbranched or cyclic alkyl or alkanoyl radicals, or aryl or unsaturated or saturated, cyclic or chain-like aliphatic, aro- 

aroyl radicals which are unsubstituted or substituted by alkyl matic or heteroaromatic radicals, for example branched or 

or aryl substitueiits. or else alkylated or arylated organylsUyl unbranched or cycUc alkyl or alkanoyl radicals, or aryl or 
radicals, but where at least one of these radicals represents radicals which are unsubstituted or substituted by alkyl 

an isocyanate ^up. In this case x, y and z denote, ^^ ^^ substituents, or else alkylate or arylated organylsilyl 
mdepeiidenuy ot one another numbers which permit the but where at least one of these radicals represents 

complete molecule to be soluble or at least dispersible in ^ isocyanate group. In this case. x. y and z denote, 

water typically cnosen trom me range above 10. advanta- indenendenUv of one another, numbers which permit the . 

geously fiom the range from 20 to 10'. ^^^^ ^J^j^ ^ ^ soluble or at least dispersible in 

Partial subsUtution is also conceivable in this connection. ^ater. typicaUy chosen from the range above 10. advanta- 

in which case one or more of the indices x, y or z may 55 geously from the range from 20 to 10'. 
^ume the value zero, and one or more of the radicals R,. p^^^^^ ^^^^^ ^^g^ ^^^^ 

K, or K3 may represent nydrogen atoms. ^ ^^^^ ^^^^^ ^jO^ 

are as follows: 

Possible examples of more specific structural schemes for 

the structural scheme (3) are as follows: q— (-CH2— CH2— o-) R| 

60 \ / 

CH2-0-eCH2-CH2-Ot^R, n^^i 




I 

CH — O-tCHj— CH2— Ot;-R2 



H3C I I/CH3 

Si^ ^Si 



CH_O^CH2-CH2-0-^R3 / O \o.^cH2-CH2-O^R2 

I 65 / ' 

CH2— O-f-CHi— CHj— 0-t7-R4. O-eCHa— CH2— 0-)^R3 
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Ri— fo— CH2— CH2 — o. 




'0-t-CH2— CH2-^0-^R3 



whert Rj, R^Vand.Ri may rcpiBScn^ independently of one 
another, isocyanate groups or branched or unbianched, satu- 
rated or utisaturated, cyclic, or chain-like aliph^c, arpnmtic 
or heteroarpmatic radi<^s, for example branched or 
unbraiiched of cyclic alkyl or alkaaoyi. radicals, or aryl or 
aioyl radiipals which are uiisubstituted or substituted by alkyl 
or aryl sijA)stituents^ br else alkylated or arylated organylsilyl 
radicals^ but where kt least one of these radicals rqntsents 
an isocyanate group. In this case, x, y and z denote, 
indepiendently of one another, numbers which permit the 
complete molecule to be soluble or at least dispersible in 
water, typically chosen from the raiige abpye 10, advanta- 
geously from the range from 20 to 10^. 

A possible example of a more specific sthicCurd scheme 
for structural schenie (11) is as follows: 



Ri— O^CH2-"CH2— o)f . 




p-tCH2-CH2-0-)7R2 



where R„ R2, R3 and R4 may represent, independently of 
one another, isocyanate groups or branched or unbranched, 
saturated or unsaturated, cyclic or chain-like aliphatic, aro- 
matic or heteroafomatic radicals, for example branched or 
unbranched of cyclic alkyl or aUdanoyl radicals, or aryl or 
aroyl radicals wMch are imsubstituted or substibited by alkyl 
or aiyl substituents, or else alkylated or arylated organylsilyl 
radicals, but where at least one of these radicals represents 
an isocyanate group. In this case, x, y and z denote, 
independcndy of one another, numbers which permit the 
complete molecule to be soluble or at least dispersible in 
water; typically chosen from the range above 10, advanta- 
geously from the range from 20 to 10^. 

A possible exainple of a more specific structural scheme 
for structural scheme (12) is as follows: 

CH2— 6-ecH2— CH2— o-)7-R, 
CH — 0-(-CH2— CH2— ot7-R2 
CH — 6-t-CH2— CH2^0-^R3 
qi— 0-tCH2— CH2— 0.'^.R4 
CH2— 0-f-CH2— CHj— 0-)^R5 



15 



20 



25 



'O' O— CH-tCH2-CH2-0;);rR3 

GH2-0-tCH2-CH2-0-)7R4 



30 



35 



40 



45 



50 



55 



where Rj, R2, R3, R4 and R5 may represent, independently 
of one another, isocyanate groups or branched or 
unbranched, saturated or unsaturated, cyclic or chain:like 
aUphatic, aromatic or heteroaromatic radicals, for example 
branched or unbranched or cyclic alkyl or alkanoyl radicals, 
or aryl or aroyl radicals which are unsubstituted or substi- 60 
tuted by alkyl or aryl substituents, or else alkylated or 
arylated organylsilyl radicals, but where at least one of these 
radicals represents an isocyanate group. In this case, x, y and 
z denote, independently of one another, numbers which 
permit the complete molecule to be soluble or at least 65 
dispersible in water, typically chosen from the range above 
10, advantageously from the range from 20 to 10^. 



8 



10 



A possible example of a more specific structural scheme 
for structural scheme (13) is as follows: 

CH2-0-tGH2— C3l2— 0-)7-Ri ! - - ' 

GH— q-tCH2— CH2— Ot^R2 
CH— O-tCHj— CH2— O^Rs - 
CH — O-fCHa— CH2— 0-)^R4 
CH — 0-eCH2— CH2— O-j^Rs . 
CHa^O-t-CHj— CH2— O^Rfi. , 



where Rj, Rj. R3, R4, R5 arid R^ may represeiit, indepeii^ 
denUy of one another, isocyanate groups or brandhed or 
unbranched, saturated or unsaturated, cyclic or chain-like 
aliphatic, aromatic or heteroaromatic radicals, for example 
branched or unbranched or cyclic alkyl or alkanoyl radicals, 
or aryl or aroyl radicals which are uiisubstituted^pr substi- 
tuted by alkyl or a^l substituents, or else /alkylated or* 
arylated organylsilyl radicals, but where at least one of tliese 
radicals represent^ an ispcyanate group. In this case, x, y and 
z deiiote, independently of one another, numbers vMch 
permit the complete molecule . to be soluble or at least 
dispersible in water, tyjpicaUy chosen from the range above 
10, advantageously fraim the range from 20,to.l0^. 
. It is also . advaiitagpous where apprppri^ • for thd struc- 
tural scheines de^bed above to be modified so that 
reniewed branching occurs at the end of the thickener 
molecule, for example in the way implemented in the group 
of so-called dendrimers.: 

The choice of the protein necessary to produce the hydro- 
gel depends on the required properties of the hydrogel. 
Suitable in principle are all proteins and enzymes, and parts 
of proteins and enzymes or recombinant proteins and 
enzymes such as, for example: 

antibodies 

free-radical, detoxifying enzymes such as, for example, 
superoxide dismutase, catalase, glutathione peroxidase, 
myeloperoxidase and/or combinations thereof, and 
SOD/catalase enzyme mimics 
enzymes with proteolytic activity, such as collagenase, 

trypsin^ elastase and/or combinations thereof 
protease inhibitors from the class of tissue inhibitors , of 
matrix metalloproteinases (TEMPs) and/or other pro- 
teiriogenic protease inhibitors such as aprotinin, soya 
bean trypsin inhibitor and alpha*2.niacrogiobuliri 
enzymes with antiinicrobial activity, such as, for example, 

lysozyine and hydrolase 
enzymes with phosphorylating activity, such as phos- 
phatases and kinases 
growth factors such as, for. example, PDGF 
any mixtures of the proteins, in which case the compo- 
sition of the mixture is likewise oriented to the required 
functional properties of the hydrogel. 
Chosen enzyme inhibitors are, in particular, natural pro- 
teinogenic protease inhibitors from the class of TIMPs, and 
aprotinin. alpha-2-antiplasmin, alpha-2-macroglobulin, 
alpha- l-antichyrnotrypsin, soya bean trypsin inhibitor and 
alpha- 1 protease inhibitor. 

In the case of a protein-containing hydrogel which com- 
prises SOD, catalase or a mixture of the two enzymes, it is 
possible to remove ROS selectively from the wound fluid. 
ROS are secreted in the inflammatory phase of wound 
healing by neutrophils and monocytes after a cellular stimu- 
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lus. TTie enzyme SOD catalyses the dismutation reaction of speed iip further according to the invention the hejding 
reactive superoxide to the less toxic intermediates hydrogen proc^ by, for example^ the abovementioned conversipn 
peroxide and oxygen (equation 1). It plays the major role in processes. 

cellular defence against the oxygen-mediated toiucity of Processes for producing the hydrogel according to die 
ROS and in the regulation of the intracellular oxygen 5 invaition are explained in detail hereinafter, 
concentration (Fridovich, 1995, Annu. Rev. Biochem., 64, . In sunmiary, an advantageous process for producing 
97). Hie hydrogen peroxide formed by the SOD reaction is hydrogels according to the invention appears as follows: 
then converted by the redox enzyme catalase, which is ^) anhy<lrous PEGs are reacted with diisocyanate in a 
ubiquitous in aerobic organisms, in a multistage catalytic solvent, where appropriate with the addition of a 

cycle into the non-toxic molecules water and oxygen lo catalyst • 
(equation 2) (Gouct et aL,. 1996, Nature Structural Biology, . ^) the solvent is renioved i&pm the resulting product of 
3, 951). Apart from catalase, the enzymes glutatiiione per- activated PEGs by filtration, washing or drying, : ; ; 

oxidase and myeloperoxidase are able to break down hydro- .^^ die activated PEGs are reacted in aqueous solution witii 
gen poDxide. proteins,, the proteins being present iii a biiffer which is 

; . . . 15 ^ preferably chosen so thk the prb^ 

20j-+2tr->H2024O2 (1) biological activity, .. . . . ..^ 

d) where appn)priate, purification steps and washes aire 
. . 30,-*H,p+^ . (2) . , carried out 

Collagenake^ntaining 6^ have been employed ^"^f then dehydrated.; . ^ • . 

forsomeyearatoremdvenecroticdepositscoveringw^^ 20 . ^y^gf .accort^ 

nvro«« J 1 QQ< d^.* i • - \ir f n ticularly advantageously as wound dressmg, m particular for 

S l^ il. vTv K-ir^^^ T""^"^ v.^^,"^' ^^P ^ ^^^ve chitmic.wounds, and bums; : ■ \ 
Abatangelo, Etonati ^d Vai^ha^ 5^l^T^^u^±f ' ^y^^^^ furthermore shows advantageous properties 

Bcrhn^page61)andJvHansbrough&W.Hambro^^^ appUcation to substrate materials x^ch are, where 

m: Protcdysis^m Wound Repair. Atetangelo. Donati und appropriate, - permeable to air. and water vapor; such - as 
VanscheiA (Eds.), Sprmger Verlag, Berlin, page 97. Tliis 25 bandages, compresses, plasters, sheets, films and the like, 
involves the en^me collagenase and other proteases cleav- The individual steps.in tiie process are described in more 
mg collagen molecules m the dead tissue and thus inaking it d&tml below, 
possible for fibroblasts to migrate in and thus heal the , 

(Glyantsev ct aL, 1997, J. Wound Care, 6, 13). A hydrogel Prodiiction of Activated ccoMliisocyanato- 

cdmprising collagenase conttibutes in a comparable niarmer 30 polyethylene Glycols 

to disintegrating the necrotic tissue. llie experiihents on the production of an activated poly- 

The active enzymes are likewise renioved when - the ethylene glycol are carried out as described below, 
hydrogel is removed and do not remain in the wound or in Polyethylene glycols of various molecular weights 
the wpund fluid. This interaction includes according to the (6,000-35,000 g/mol) are converted by covalent linkage of 
invention a conversion of die ROS as interfering factors into 35 aliphatic diisocyanates, to form urethane linkages, into OjO)- 
substances which no longer impede wound healing. 'Hie diisocyanato-polyethylene -glycols. In order t6 avoid 
enzymes which are used for the interaction and are hydrolysis of the isocyanate groups employed, die PEG is 
covalentiy bound into the hydrogel are tiius only briefly dehydrated before Uie actual use. For this purpose, 1.0 mmol 
introduced into the wound and are removed from die wound of PEG is dissolved in 60 ml of benzene and ftozen in liquid 
region again after they have performed tiieir intended task 40 nitrogen. TTie benzene/water azeotrope formed in this way is 
(that is to say die abovementioned interactions have started). removed under high vacuum for 7 h. 1.0 mmol of the PEG 
The selec^ve removal or elimination, of die toxic ROS, the dehydrated in diis way is dissolved, in . 50 ml of :abs. 
proteolytic disintegration of dead tissue and the killing of dichloromethane while maintaining an argon atmosphere. To 
microbrganisms iniprpves or initiates die healing process for diis solution are added, for example, 10 mmol of hexam- 
chronic, diat is .to say wounds which are healing widi 45 ediylene diisocyanate and 1 ml of abs. pyridine and stirred 
difficulty or not at aU. at RT for 12 h. The reaction solution was worked up by 

The protease activity in a chronic wound is found to be reprecipitation twice in 800 ml of abs. petroleum edier 
distinctiy increased (Weckrodi et al., 1996, J. Invest. 35/60. The crystalline product was filtei^ oflF on a Biichner 
DcrmatoL, 106, 1119; Grinell & Zhu, 1996, J, Invest. funnel and washed widi abs. petroleum edier 35/60 (2x100 
Dermatol. 106, 335) compared widi an acute wound This 50 mi). After drying under high vacuum for 8 h, die activated 
contrasts widi a distinct reduction in die amount of protease peg is stored at -20° C: under an argon atmosphere, 
udubitois (Grmell & Zhu, 1996, J. Invest. Dermatol 106, ^ jble to employ for activating die PEG according 
335) Tins mibalance results m proteolytic degradauon of ^ i^y^ntion besides 1,6-hexamediylenc diisocyanate 
prohfer^on-promotmg substances such as, for example. ^Iso odier aliphatic or aromatic diisocyanates, for example 
^^^^^^ Jy^^^^^^ et al., 1997, Bnt J. Dermatol., 55 1,12-dodecane diisocyanate, isophorone diisocyanate, medi- 
137, 646). Enzymes such as, for example, SOD and catalase, yicydohexane 2,4- and/or 2,6-dusocyanate, dicyclohexyl- 
which act to promote wound healing by ^dieir protective ^.^diane 2,4'- and/or 4,4'-diisocyanate, also cyclobiitane 
action, would dius undergo protcolyUc degradaUon and i,3.diisocyanate, cyclohexanc 1,3- and 1 ,4-diisocyanate, 
become macUve. A protem-contaimng hydrogel into which 2,4- and/or 2,6-hexahydrotolylene diisocyanate, hexahydro- 
such enzymes are covalendy incorporated acts as a protec- 60 j^. i,4-phenylene diisocyanate, and 1,3- and 1,4- 

uyc shield and is able to prevent attack by proteases, as has phenylene diisocyanate, 2,4- and 2,6-tolyIene diisocyanate, 
been shown widi dissolved ea^mes modifi^ widi polyedi- diphenylmediane 2,4'-.and/or 4,4'-diisocyanate and naphdi- 
ylene glycol CB^kman et d. 1988 J. Biol. Chem., 14, 6884; 1,5-diisocyanate. 
Inada et al., 1995, Tibtech. 13, 86). 

It is dius possible widiin die scope of die present invention 65 Production of Protein-containing Hydrogels 

not only to generate a moist wound environment in order to It has been found, suiprisingly. that the novel reaction of 
improve the healing process for chronic wounds, but also to the a,a)diisocyanato-polyethylene glycols with proteins to 





, :PEGi5oop 


PEGjoooo , 


PEG«pb 


BSA 


X 


X 


X 


SOD 


• z 


X 


X 


catalase. 


x" 


X- ' 


X 


coDagenase 


X ^_ 


3C 




lysozyua..:. 


X- • ■ 


X : 


X 


phosphatase : . . 




• X/ ■ . 


X 


tiypsin 




X 


X 


SOD/catalase T 




:- X : 





US 6,773,703 Bl 

U 12 

form protein^ntaining hydrogels is associated with con- It is possible with all the said enzymes to obtain a stable 

siderably shorter gel times by comparison with hydrogel, the limiting factor being the chain length of the : 
4-nitr6phfmyl cUoroifonnate activation- PEG molecule employed 

no. 1 is . a graphical depiction of the d^ 

gd dine on; the molecular wdght of the ct,©^^ 5 ; • • 'TABLE t- ■ . ■ 

- polyethylene glycols employed and the pH of the reaction ^ ■ • ~ 

solution. In this, the molecular, wdght of the PEG emplo^^ . . ''^ '''^^^S^^ 

in gram/mole is depicted . on the x axis,:and the gd time in An die cjqwimeats took place in 2 ml of o.i m borate bufifa 

seconds is depicted on the y axis. Furthermore, three O.i-M (dH 9.0) with 150 to 300 mg of peg and 35 tb lOO mg of moteta/enzyme. 
borate buffer , solutions of different pH values are depicted 
(o=9H9J,D==pH9.0, A;^)H:8.5). : . - : ; 

FIG. 2 is a graphical'depictibn of the dependence of the 
maximal amount of. w^er which can be absoibed on the 
ionic strength of the incubation solution. The water content 
as a percentage of the total wdght of the hydrogels is 
depicted oh the x axis, while the ionic strength of the 
incubation solution is shown in the form of the borate 
concentration, incieasihg from 0-0.2 mol per liter, on the y . 

axiSi The depicted cxperiniem took place wth hydn)gels of \ . . 

the composition 100 mg of PEGi5obo and 35 mg d^^^ x/.u^,V^af " . • • 

. J , 1 lii * Method for Washmg the Protem-contammg 

As descnbed above. It was not previously possible to Hvdrogels 

irnmobiiizepnjtieiris, other than albuminoid dn^ , ^ = . . 

threcrdiniensional form within a hydrogel matrix.^^ After the crosslinking is complete, the hydrogels are 

was observable gel formation with other proteins or incubated in 15 ml of physiological borate buffer (0.1 M 
enzynies, they dissolved within a few minutes (see U.S. Pat ^ H3BO3, 0.1 M MgO^, 0.1 M Cad^y 0.15 M NaQ; pH 7.0) 

No 5,733363) and it was possible to achieve only an at RT. The, incubation solution is changed every 12 hours, 

iminobilization as a ternary system coiisistihg of PEG/BSA/ and the resulting supernatant is investigated for washed-out 

enzyme (Fortier et al. 1996. Kz. MicrobioLTechnol. 18, protein and PEG. Tlie resulting arhounts of protein were 

482). evaluated by means of BCA and inicro-BCA dietection 

It has furthCT eindiged, siir^ that the described ^ (Browii, Jarvis and Hylahd, 1989, Anal. Bioc^ 

form of PEG activation via diisocy anates permits immobi- and the eluted amounts of PEG were determined with the aid 

lization of proteins and enzymes other than albuminoid of iodine detection (Sims and Sn^, 1980, Anal. BiochenL, 

ones, such as bovine and yeast superoxide dismutase (S0D). 107,60). 

For this purpose, 44 mg of superoxide dismutase are dis- Thp washing is complete when ndther protein nor PEG is 

solved in 2 ml of 0.1 M borate buffer and inixed with 150 detectable in the washing solution (incubation between 

mg PEG of various molecular wdghts. After crosslinking 48-72 h). The hydrogels are then stored at RT either in 

theSOD hydrogels are washed in analogy to BSA hydrogels dehydrated (see the method for dehydrating protein- 

by incubation in physiological borate buffer, and.the wash- containing hydrogels) or in swollen form! 
iiig solution is investigated for uncrosslinked PEG and ^ 

enzyme. It is found thereby that, under certain conditions. Method for Dehydrating the Protein-containing 
gel formation takes place to result in a stable SOD hydrogel. Hydrogels 
An, essential factor in this connection proves to be the. After completion of the washing process, tiie gels are 
molecular wdjght and tiius tiie dhain length of the polyeth- dehydrated under high vacuum to constant weight and 
ylene glycols employed. Gel formation is possible only witii incubated anew in buffer solutions in order for us to inves- 
difficulty above a molecular weight of PEG^xwo* , tig;ate the dependence of the water absorption on various 
. .; In order to estimate the retention of enzymatic activity, factors such as pH and ionic strength of the hydrogels. The 
samples of the prepared SOD hydrogels are investigated for swelling of the gels is followed until the mgYimiim water 
their activity with the aid of NBT detection (Auclair and absorption capadty is reached, by regularly determining the 
Voisin, 1985, in: CRC Handbook of Metiiods for Oxygen ^ weight, changing tiie incubation solution every 12 h. The 
Radical Research, CRC Press Inc., Boca Raton); Since this swelling factor (SF) [equation 3] and the maximum water 
test is suitable only for the quantitative determination of content (EWC) [equation 4] are. described by two math- 
dissolved SOD, it is possible therewith to obtain only ematical, relations used for determining the swelling char- 
qualitative information about tiie presence of immobilized acteristics of polyvinyl alcohol hydTOgels-(Unishisaki et al., 
SOD activity. However, the results obtained suggest that the 1990, Int. J. Pharm., 58, 135): 
immobilization within the gel matrix appears to have no 

significant effect on tiie activity of tiie enzyme. Even after Swelling factor (^fWHO-W'^j 0) 

storage at various temperatures (4** C. 25° C, 3T C.) for corresponds to tiie maximum swelling weight 

several weeks, followed by dehydration under high vacuum achievable and corresponds to tiie dry weight of tiie 
and reswelling in incubation solution tiie enzymic activity ^ hydrogels. This dry weight is determined after completion of 

present can be observed to be unchanged. the investigations by drying tiie gels at 70** C. over a period 

Based on these results, the experiments were extended to of 24 h. The water content as a percentage of the total weight 

otiier enzymes. This entails testing the crosslinking possi- of the hydrogels can be determined from the data obtained: 
bility for the following enzymes: 

bovine catalase 65 £H^C=<wcightof water/weight of swollen hydrogcl)xl 00 (4) 

chicken egg white lyspzyme and . Experiments concerning the swelling characteristics at 

coUagenase from Achromobacter iophagus. different pH values and ionic strengths of the incubation 
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sblutions have shown that there is a direct connection water Detennination of the activity of the dissolved enzy^ 

between these parameters and the swelling capacity of the takes place using a modificatidn of the spectrophotometric 

hydrogeis. If, for example, ah increase, in the ionic strength assay of R.F. Beers and I. W.Sizers (J. Biol Oiern;-! 133 

of the incubation solution causes a decrease in the water (1952)). The decrease in extinction at 240 nm correlates in 

absorption cq)acity. the contrary effect can be observed on 5 this case with the decrease in hydrogen paoxide due to 

changing the pH of the incubation solution. In this case, an catalase activity in the reaction rnixture 

mcrease in^pH-leads to anlnoease^b^ 3 ml of phosphate buffer (50 pH W (refbreiice 

^^^^^\y.u ■ 1 -t * • u ^ ^ \ . , position) or 3 ml of a phosphate buffer (0.05.mM, pH 7) 

TTie effect:Of Ae molecular^ w^^^^ H,0^ (sample), each with 0:05 ml of the 

glycols employed on the swelhng chaiactenstics of the lo catalase^ntaining sample, are placed in a quartz cuvette, 

resultmg .hydrogels IS sho^mm detail mm^^^ The hydrogen peroxide conLtration ^ the H,^: 

contoiiiing buffer is checked by iiieasuring the extinction at 
TABI^ 2 - 240 nm, the .absorption thereof being 0.56()+/f4).01. After 

Evahiati<m of thcswcUing paiamc^ components in the quartz cuvettes (path length 

water content EWC) of various hydrogeis of the following con^xwition: ^ " Tom), the reaction is Observed until the extinction reaches 

100 mg of o^oKiiisocyanatQ-PEG. and 35 mg of BSA in 2 ml a value of 0.450. . The time . then taken for. the extiiiction to 

-n. f n • ^ iJ^ diminish to 0.400 is then measured using a stop clodt Th& 

The fonowing swelling parameters were detcnmned after incub^ a™™,- *u • j- . j i. ^ 

physiological bc^Th^ (0.1 M H3BO3, 1 M MgO^ 1 M CaCU, ^P^^ concentration m the cuvette is adjusted so that, the 
ai5 M NaQ: pH 7.n^ at RT for 72 h and drviM at 7ff> CL f«r 54 h time needed for this is 20 s s The volume-based activity 

20 is calculated by the following formula: 

vohnne-based activity [UAnlH17xl3)AneasuiiBd tiines [slxO^OS . 
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total activity in the sample [U}=voL aict [UAnl]xdihitionxsainple 
volume [ml] 

One unit is defined as the enzymic activity which dispro- 

portionates 1 ppiol of hydrogen peroxide per minute under 

V- V ^ V, .. . , the chosen assay conditions (25** Q, pH 7.0). 

It should be noted m this connection that the water 

absorption capacity increases continuously in the dirw:tion so . . Method for Collagenase Activity Detenninatioh 

of Wgher PEG inolecular weights en^loyed. A repetition of 

the experiment after drying tiie hydrogeis (dehydration CoUagenase (EC 3.4.24.3, Bochringer Mannheim) cataly- 

undcr high vacuum to a constant weight) shows inevers- hydrolytic cleavage of N-(3[2-furyl]aaryolyl)-Leu- 

ibility in relation to the maximum water absorption capacity. dy-Pro-Aia (FALXjPA) (Sigma Chemical Steinheim) at the 

In fact, the water contents after renewed swelling foU6\si^ 35 P^P^^^i^ge between die aniino adds leucine and glycine 

a drying step are 60-70% of the water contents achievable ^ substrate. The determihatioii of die activity of the 

before drying. dissolved enzyme takes place with a modification of the 

Concerning the oxygen permeability of the present spectrophotometric assay of H. E. van Wart and D. R, 

hydrogeis, it can be assumed that, ftom a water content Steinbrink (Anal. Biochent 113,: 356 (1981)). The increase 

>94% onwards, the oxygen diffiision within die hydrogeis 40 ^ extinction at 345 nm in this case correlates witii the 

will correspond to tiiat of an aqueous solution (Corkhill et al. ^^^^ of coloured N-(3-[2-fiiryl]acryloyl)-Leu from the 

1990. Grit Rev. Biocon^)atibility., 5, 363). substrate due to collagenase activity in the reaction mixture. 

XM .u^ r co.T> * . . ' . . In a quartz cuvette (patii length 10 mm, Hellma Jena) 2.9 

Method for SOD Acuvity Determination ml of bufiFer solution (50 rhM tricine. 10 mM calcium 

The Biotech S6D-525 assay (OXIS International S.A., 45 chloride, 400 riiM sodium chloride, pH 7.5) are nuxed witii 

France) was employed for measuring the activity of the 0.1 col of the collagenase-containing (2 units/ml) sample 

various SOD ei^i>Tnes. This assay is based on the increase (sample position) or with 0. 1 ml of distilled water (reference 

caused by SOD in the rate constant for the autoxidation position). After mixing the components in the quartz 

reaction of the catechol 5,6i6a,l lb-tetrahydrd-3,9vl0- cuvettes and adjusting the temperature to 25** C, the result- 

trihydroxybenzo[c]fluorerie (BXT-01050) in aqueous alka- 50 "^S extinction difference at 345 nm is checked over a period 

line solution (Nebot et al., 1993, Analytical Biochemistry, of five minutes. The volume-based activity of the sample is 

214, 442). Hiis autoxidation reaction produces a chro- calculated by the following formula: 
mophore with a maximum absorption at 525 nm. The assay 

is carried out in an air-saturated buffer COntairiing 50 mM voWbased activity of the sample [U/ml}=DE mnAidn sample- 

o o«,;«^ o ™«*k 111 J- 1 /X , ^r^. f , . DE nm/mm reference posmon/(0-53)x(mg enzyme/ml reaction 

2-ammo-2-meUiyl-l,3-propanediol, 0.1 mM diethylenetri- 55 mix) j 

aminepentaacetic acid and 3 mM boric acid, pH 8.8, at 37° 

C. Kinetics are measured at 525 nm witiiin one minute after DE=extinction difference 

addition of BXT-01050. The SOD activity is determined bv i • . , 

♦u- ^ *k * * c IS ucicimuieu oy -fotal activity m the sample U]=voLacL [U/ml]xdilimonxsanmle 

the ratio of the rate constant for die autoxidauon reacUon volume [ml] 

Vyv^ measured in the presence (VJ and in the absence (V J 60 

of the san^)le. One SOD unit (U-525) is defined as the One unit is defined as the enzymic activity which hydroly- 

activity which doubles the background of the autoxidation ^es 1 .0 mmol of FALGPA per minute under the chosen assay 

reaction, that is to say Vyv^=2. conditions (25° C, pH 7.5). 

Metiiod for Catalase Activity Determination Method for Trypsin Activity Determination 

Catalase (EC .1.11.1.6. Boehringer Mannheim) catalyses Trypsin (EC 3.4.21.4, Sigma Chemical Steinheim) cataly- 
the cleavage of hydrogen peroxide (HjOj) into oxygen and ses die cleavage of peptide linkages at die C-terminal end of 
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the amino adds aiginiiie and- lysine. Hie determination of 
the activity of the dissolved enzyme takes place, with a 
modification of the spectrophotometric assay of Hummel 
(Can. J, Biochem. Physiol. 37. 1393 (1959)). Hie increase in 
extinction at 257 am correlates with the releasee of 
p-toluenesulphonyl-l-aigimne from p-toluenesulphohyl-l- 
aiginine mediyl ester (Sigma Chemi(^ Steinheiin), . . 

2.6 ml of buffer solution (0.65 M tris(hydroxymetiiyI) 
aminomethane, 11 mM calcium chloride dehydrate, pH 8.1) 
and 0.3 ml of substrate solution (10 mM 
p-toluenesulphonyl-l-argininc methyl ester) are placed in a 
quartz cuvette (path length 10 mm, Hellma Jena), and 0. 1 ml 
of enzyme solution (0.5 U in 1 ihl of 0.001 N hydrochloric 
acid) is added. After mixing in the quartz cuvette and 
adjusting the temperature to 25° G., the increase in extiru> 
don is determined with distilled water as reference over a 
period of 5 minutes, a constant value per minute being 
found. The volume-based activity of the siample is calculated 
by the following formula: 

volume-based activity of the sample [UAnlH^E nmAmn san^itex 
san^le vofaime/(0^)x(mg enzyncAnl reaction mix) 

D&=extiiiction (Ufiferenoc 

Total activity of the sample [U]=vbl.act [UAxil}xdihitionxsanq)le 
^. volimic.[iiil] 

One unit is deficied a^ the enzymic activity which brings 
about the formation of 1 mmol of p-toluehesulphonyl-1- 
arginine per minute under the chosen assay conditions (25° 
C.,pH7.5). 
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Method for Hastase Activity Determination 

Elastase (EC 3.4.21.36, Sigma Oiemical Steinheun) 35 
catalyses the cleavage of, for example, elastin to arriino adds 
and peptides. Determiriation of the activity of the dissolved 
enzyme takes place with a modification of the spectropho- 
tometric assay of Sachcr et al. (Proc. Soc. Exp. Biol. Med. 
90, 1955 (1955)). The increase in extinction at 590 nm 
correlates with the hydrolytic release of orcein from elastin- 
orcein (Sigma Chemical Steinheim), c 

20 mg of elastin-orpein are weighed into an Erlermieyer 
flask, and 1.5 inl of tris(hydroxymethyl)-amin6inethane 45 
hydrochloride (197 mM, pH 8.8) arc added and equilibrated 
at 37° C. After addition of 0.5 ml of enzyme solution, the 
flask is stoppered and stored at 37° C. After addition of 2 ml 
of phosphate buffer solution (500 mM, pH 6 0) the reaction 
Is stopped after 20 minutes. The mixture is filtered and the 



flask is rinsed with 1 ml of distilled water. The extiriction of 
3 ml of sanq)le solution in a quartz cuvette (path length 10 
mm, Hellma Jena) is determined at 590 nm, with the 
reference position comprisirig 3 ml (2.0 ml of tris 
(hydroxymethyl)aminomethaiie hydrochloride (197 mM, 
pH 8.8), 2.0 ml of phosphate buffer solution (506 mM, pH 
6.0) and 1.0 ml of distilled water). Hie volume-based 
activity of the sample is calculated by the foUowing formula: 

vohunc-based activity of the sample [U/inlJ=Es9o Xl9 .45-0. 1 1 85= . 
• ■•. mg of clastiD-orcein clcavccl/(nig eazyxodOS ml rcacticn mix) ■ 

total activity of die sample [U]=voLact [U/Dxil]xdilutioaxsan;>lc 
volume [ml] 

• One unit is defined as the enzymic activity which cleaves 
1 mg of elastin within 20 min under the chosen assay 
conditions (37° C, pH 8.8). 

Further examples which follow are intendesd to show 
particularly advantageous embodiments of the invention 
without intending unnecessarily to restrict the invention 
thereby. 

EXAMPLE 1 

Production of Hydrogels with Seruiri Albumin 

The hydrogels are synthesized by covalent crosslinking of 
oc,a)-activated PEG with bovine serum albumin. Various 
amounts (1-20% mA^) of activated PEG are added to a 2% 
strength (mAO protein soliitidn in O.I M bciate buffer (pH 
6.5-9.0) and stirred until, the onset of the gel point The 
hydrogel which is formed is then stored at RT for 12 h to 
achieve cpnqjlete crossliiddng. Uncrosslinked PEG arid pro- 
tein are removed by incubating the hydrogel in 15 ml of 
physiological braate buffer (0.1 M H3BO3, IM MgClj* 1 M 
CaQj. 6.15 M NaCl: pH 7.0).for 48 h, changing tiie washmg 
solutions several times. The amounts of protein eluted 
thereby are evaluated with the aid of the BCA and inicro- 
BCA detection (Brown, Jaryis and Hylarid, 1989, Anal. 
Biochem., 180, 136) and the eluted amounts of PEG are 
evaluated by means of the iodme detection (Sims add Sn^, 
1980. Anal. :Biochem.,107, 60). , 
; The crossliiiking reaction takes place analogously in 0.05 
M sodium bicarbonate buffer with pH values 8:5, 9.0 and 9.3 
and iri a 0.1 M sodium veronal buffer at pH 9.0. The 
hydrogels produced in sodium phosphate buffer can be kept 
stable by changing to physiological borate buffer. 

The following depiction shows the crosslinking of 
PEG350Q0 bovine serum albumiii (BSA).diagrammati- 
cally. 
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-continued 




N.AAAAAAAAAAAANCO= OCN-r{CH2)6— NHCQ— O— (CHjO)^^ CONH— (CHj)^— NCO 



EXAMPLE 2 

_ Production of Hydrogek with Superoxide : 
Disnmtaise 

Hie ubiquitous enzynie SOD occurs in dimenc or tet- 
rameric form. Hie various enzymes with molecular weights 
from 32,000 to 56,000 Da have metal ions such as copper 
and zinc (Cu-^^i— SOD), manganese (Mn^OD) or iron 
(F&^OD) as cofactors in the catalytic center. 

The hy<frogels are synthesized by co valent crosslinking of 
ot,a>-activated PEG with bbvihe aidd yeast superoxide dis- 
mutase' Various amounts (6^25% mAO of activated PEG are 
added to a 2%. istrcngth (inAO protein solution in 0.1 M 
borate buffer (pH 9.0) and stirrfed until the onset of the gel 
point Greenish transparent gels are obtained. Hie hydrogeis 
are then stored at RT for 12 h in order to achieve complete 
crosslinking. Uhcrosslinked PEG and protein are removed 
by incubating the hydrogeis in 15 ml of physiological borate 
buffer (0;1 M H3BO3, 0.1 M MgCl^, 0.1 M Caa^, 0.15 M 
NaQ; pH 7.0) for 48 h changing the washing solutioiis 
several times.^ Gel formation was observed for the PEG: 
PEG20000. PEG,5o6o> PEGioooo arid PEG^ooo- 

EXAMPLES 
Production of Hydrogeis with Catalase 

The most widespread form of catalase is a homotetramer 
(235.000 Da, bovine liver) with a porphyrin group with one 
iron atom per subunit 

Hie hydrogeis are synthesized by covalent crosslinking of 
<x,a>-actiyated PEG with catalase from bovine liver. 7.5% 
(mAO activated PEGjoooo or 15% (mAO activate! PEGgooo 
are added to a 2.5% strength (m/V) protein solution in 0. 1 M 
borate buffer (pH 9.0) and stirred until the onset of the gel 
point. Brownish transparent gels are obtained. 

Hie hydrogeis are then stored at RT for 12 h in order to 
achieve complete crosslinking. Uncrosslinked PEG and pro- 
tein are removed by incubating the hydrogeis in 15 ml of 
physiological borate buffer (0.1 M H3BO3, 0.1 M MgQa, 



0.1 M Caa2. 0.15. M NaQ; pH 7.0) for 48 h changing the 
washing solutions several times. 

EXAMPLE 4 

Production of Hydrogeis with Superoxide 
Dismutase and Catalase 

Hie hydrogeis are synthesized by covalent crosslinking of 
a,(o-activated PEG with yeast superoxide dismutase and 
bovine Uver catalase.. 0.8-0.15% (mAO catalase and 5% 
(mAO activated PEG are added to a 2.4% (niAO superoxide 
dismutase solution in 0.1 M bor^ buffer (pH 9.0) and 
stirred until the onset of the gel point Greenish/brownish 
transparent gels are obtained. 

Hie hydrogeis arc then stored at RT for 12 h to achieve 
complete crosslinking. Uncrosslinked PEG and protein are 
removed by incubating the hydrogeis in 15 ml of physi- 
ological borate buffer (0.1 M H3BO3. 0.1 M MgOj* 0.1 M 
Caq2, 0. 15 M NaCl; pH 7.0) for 48 h, changing the washing 
solutions several tirhes. Gel formation was observed for 
PEGioooo and PEG^ 

EXAMPLES 
Production of hydrogeis with Collagenase 
Hie hydrogeis arc synthesized by covalent linking of 
a,Q)activated PEG with collagenase from Achromobacter 
iophagus. 7.5-15% (mAO activated PEG15000 or activated 
PEGIOOOO arc added to a 5% strength (mAO protein solu- 
tion in 0.1 M borate buffer (pH 9.0) and stirred until the 
onset of the gel point. Reddish/brownish transparent gels are 
obtained. 

Hie hydrogeis are then stored at RT for 12 h to achieve 
complete crosslinking. Uncrosslinked PEG and protein arc 
removed by incubating the hydrogeis in 15 ml of physi- 
60 ological borate buffer (0.1 M H3BO3, 0.1 M MgQj. 0.1 M 
CaQj, 0.15 M NaCl; pH 7.0) for 48 h, changing tiie washing 
solutions several times. 
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EXAMPLE 6 
65 Production of Hydrogeis with Lysozyme 

Hie hydrogeis arc synthesized by covalent crosslinking of 
o^coactivated PEG with lysozyme from chicken egg white. 
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7.5-15% (m/Vj activated PEG are added to a 25-5% 
strength (m/V) protein solution in 0.1 M borate buffer (pH 
9.0) and stirred until the onset of the gel point Gels witii a 
miUi^ cloudiness are obtained. The hydrogels.are then stored 
at RT for 12 h to achieve complete crosslinking. 5 
Uncrosslinked PEG and protein are rcinoved by incubating 
the hydrogel in 15 ml oif physiological borate buffer (0.1 M 
.H3BO3, 0.1 M MgCl2, 0.1 M CaClj, 0.15 M Naa;.pH 7.0) 
for 48 h, changing the wasMng solutions several times. Gel 
formation could be observed for the following PEG: 10 
PEG35000 . PEGjooo^ PEGi5ooo» PEGioooo and PEGgooo • 
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'' EXAMPLE 7 

Production of Hydrogels with Trypsin 

The hydrogels were synthesized by covalent crosslinking 
of a,o>-activated PEGi with bovine trypsii 73-15% (mAO 
{activated PEG were added to a 2.5-5% strengtii (mAO 
protein solution in 0.1 M borate buffer (pH 9.0) and stined 
until the onset of the gel point Gels with a milky cloudiness 
were obtained. TTie hydrogels were then stored at RT for 12 
h to achieve complete crosslinking. Uncrosslinked PEG and 
protein were removed by incubating the hydrogel in. 15 ml 
of physiological borate buffer (0.1 M H3BO3, 0.1 M MgCl^, 
0.1 M CaCls. 0.15 M NaQ; pH 7.0) for 48 h, changing the 
wajshing solutions several times. Gel formation could be 
observed for the foDowing PEG: PEGjoooo and PEGgooo- 

EXAMPLES 

Production of Hydrogels with Phosphatase 

The hydrogels were synthesized by covalent crosslinking 
of a^Qxactivated PEG with wheatgerm phosphatase. 10-15% 
(m/V) activated PEG >yere added to a 2.5% strengtii (mA^ 35 
protein solution in 0.1 M borate buffer (pH 9.0) and stirred 
until onset of the gel point Brownsih gels were obtained. 
The hydrogels were theii stored at RT for 12 h to achieve 
complete crosslinking. Uncrosslinked PEG and protein were 
removed by incubatiiig the hydrogel in 15 ml of physiologi- 40 
cal borate buffer (0.1 M H3BO3, 0.1 M MgQj, 0.1 M Cad^, 
0.15 M NaCl; pH 7.0) for 48 h. changing tiie washing 
solutions several times. Gel formation could be observed for 
the following PEG: PEGioooo and PEGgooo- : 

What is claimed is: 45 

1. A protein-containing hydrogel comprising a polyethyl- 
ene glycol (PEG) matrix to which is bound one or more 
catalytically active polypeptides or proteins, wherein, 

(a) the matrix comprises an activated diisocyanato-PEG 
polymer further corr^)rising unblocked urea groups; 50 

(b) the one or more catalytically active polypeptides or 
proteins possessing free radical scavcnginjg activity; 
and 

(c) wherein the one or more catalytically active polypep- 
tides or proteins are direcUy bound to the diisocyanato- 
PEG matrix via the unblocked urea groups. 

2. The hydrogel of claim 1, wherein the one or more 
catalytically active polypeptides or proteins is selected from 
the group consisting of catalase, superoxide dismutase, 
lactoperoxidase, glutathione peroxidase, myeloperoxidase, 
thyroid peroxidase, or a mixture thereof. 

3. The hydrogel of claim 1, wherein the one or more 
catalytically active polypeptides or proteins comprise cata- 
lase. 
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• 4. The hydrogd of claim 1, wherein the one or more 
catalytically active polypeptides or proteins comprise super- 
oxide dismutase. 

5. Tlie hydrogel of claim 2, further co^^)^ising one or 
more m^-porphyrin complexes, and furth^ wherein at 
least one of the metals is selected from the group consisting 
of iron, copper, magiiesium and manganese. 

6. Hie hydrogel of claim 5, wherein die metal moiety of 
the metal-porphyrin con:q)lexes is selected from the group 
consisting of iron, copper, magnesium and manganese. 

7. The hydrogel of claim 2, wherein the PEG has a 
molecular weight of from 8.000 to 18,000 g/mol. . 

8. The hydrogel according to claim 1, wherein the PEGs 
are activated by aliphatic, aromatic or araliphatic diisocy- 
anates. 

9. Ttie hydrogel according to claiih 5, wherein the diiso- 
cyanate is 1,6 hexamethylene diisocyanate. 

10. Hie hydrogel of claim 1, further conqmsing one or 
more catalytically active polypeptides or proteins selected 
firom the group consisting of proteases, metalloproteases and 
hydrolases. 

11. The hydrogel of claim 10, further comprising one or 
more catalytically active polypeptides or proteins selected 
firom the group consisting of trypsin, collagenase, lysozymc, , 
elastase, and phosphatase. 

' 12. A process for preparinjg the protein-contaiiiing hydro- . 
gel of claim 1, the process coniprising the steps: 

(a) pr^aririg the activated diisocyanato-PEG polyiher. 
having unblocked urea groups by reacting PEG with a 
diisocyanate in a solvent, wherein the reacting option- 
ally t^ces place in the presence of a catalyst; 

(b) removing the solvent fironii the activated diisocyanato- 
PEG polymer; 

(c) contacting the activated diisocyanato-PEG polymer 
with the one or more catalytically active polypeptides 
or proteins under conditions that eiBFectively permit the 
one or more polypeptides and proteir^s to covalentiy 
attach to the activated diisocyanato-PEG polymer by 
reacting with the unblocked urea groups. 

13. The prbcess of claim 12, wherein the diisocyanate is 
either an aliphatic, aromatic or araliphatic diisocyanate. 

14. llie process of claim 12 wherein the diisocyanate is 
selected from the group consisting of 1,6-hexaniethyIene 
diisocyanate, 1,12-dodecane diisocyanate, isophorone 
diisocyanate, methylcyclohexane 2,4- and/or 2,6- 
diisocyanate, dicyclohexylmethane 2,4*- and/or 4,4'- 
diisocyanate, cyclobutane 1,3-diisocyanate, cyclohexane 
1,3- and 1 ,4-diisocyanate, 2,4- and/or 2,6- 
hexahydrotolylene diisocyanate, hexahydro-1,3- and/or 1,4- 
phenylene diisocyanate, and 1,3- and 1,4-phenylene 
diisocyanate, 2.4- and 2,6-tolylene diisocyanate, diphenyl- 
methane 2,4*- and/or 4,4'-diisocyanate and naphthylene 1,5 
diisocyanate. 

15. The process of claim 12 wherein the diisocyanate is 
1,6-hexametiiylene diisocyanate. 

16. The process of claim 12 wherein the PEG is of a 
molecular weight between 6,0(X) g/mol to 35,000 g/mol. 

17. The process of claim 12 wherein the PEG is of a 
molecular weight between 8.000 g/mol to 18.000 g/mol. 

18. The process of claim 12 wherein the PEG is of a 
molecular weight between 10,000 g/mol to 15,0(X) g/mol. 



